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Abstract 

Astrophysical observations suggest that the fine structure constant (alpha) may (or may not) be 
evolving over the cosmological timescale. This raises a much debated question: is alpha variation 
due to the variation of the speed of light (c), elementary electric charge (e), or the Planck constant 
(h)7 

Previously, we proposed the metrological approach based on the analysis of the relationships 
between the fundamental units (e.g. of the length and time) and the fundamental constants. Our 
methodology allows one to find how each of the fundamental constants e, c, h evolves in time and 
offers a new outlook for this area. Here we give a brief outline of this approach and the main 
results it produces. 

PACS numbers: 06.20.-f, 95.30.-k, 95.3Q.sf, 98.80.-k 



1 



Recent astrophysicsl observations suggest that the fine structure constant a may be evolv- 
ing over the cosmological timescale. According to the results of one series of studies of ab- 
sorbtion spectra of distant quasars, Aa/a = (—0.57 ± 0.11) x 10~ 5 over the redshift range 

nnn 

0.2 < z < 4.2 [1|, |2J, |3J . Another study finds that a does not change, up to the observational 
accuracy: Aa/a = (—0.06 ± 0.06) x 10~ 5 over the redshift range 0.4 < z < 2.3 ^|. The 
variation of the fine structure constant in 187 Re decay over the age of the solar system (cor- 
responding to < z < 0.4) has been found consistent with zero at the level of Aa/a ~ 10 -7 
[5j]. There are also studies of the possible variations of other dimensionless constants such 

n 

as the proton-to-electron mass ratio \i = m e /m p |6j. 

For other theoretical and experimental aspects of the problem, see and 
references therein (25 1. 
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Since a = e 2 /hc the idea of variable a raises a much debated 
question: is a variation due to the variation the speed of light (c), elementary electric 
charge (e) or the Planck constant (ti)7 

n 

The metrological approach 19J is based on 2 self-explanatory postulates: 

1. Before (or in parallel to) developing a theory of variable constants one needs to specify 
how the time, length and other physical quantities are measured. Otherwise the analysis 
of constants evolution can be ambiguous or impossible. This is because the fundamental 
constants (e, c, h . . . )enter the definitions of the basic units (metre, second, . . . ). Therefore, 
both sets should be considered as one system within a self-consistent analysis. 

2. The basic units should be considered time- independent. Otherwise it would be hard 
to give precise meaning to the time evolution of the dimensional constants such as e, c, h. 

For simplicity and correspondence with the previous literature, the centimetre-gram- 
second (CGS) system of units will be used. (This assumption, however, is not important 
for the essence of our argument.) Also, as there is no strong observational or experimental 
evidence for the time-dependence of the fundamental constants apart from a, such as the 
mass ratios (m e /rn p , m e /m^ uc i, . . . ) and ^-factors it will be assumed here that they do not 
vary with time (for theoretical discussions see,e.g., [2^, 21, 2^|). 

Our units of time and length can be defined in several different ways depending on 
what physical processes (or objects) are chosen to represent the standards of time and 
length measurement. Consequently, the dependence of the second and centimetre on the 
fundamental constants will take different forms. It can be shown that the three practical 
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definitions of the second are described by 

Sn K — %T2> M 
m e a n c A 

where n — 1 corresponds to the Superconducting Cavity Stabilised Oscillator (SCSO) clock; 
n = 2, to ammonia clock (NH 4 molecular vibration) and n = 3, to cesium clock (cesium-133 

Similarly, the three different definitions of the centimetre can be combined as 

cm i oc r- (2) 

m e ct l c 

with I = 1 describing the "bar" ruler (i.e., the 1/100 of the length between two notches 
on the platinum- iridium metre prototype), 1 = 2 — the "krypton" ruler (the length equal 
to the 16507.6373 wavelengths of the radiation corresponding to the transition between the 
levels 2p w and bd§ of krypton-86), and 1 = 3 — the "light" ruler (the length travelled by 
light in a vacuum during a time interval of 1/299 792 45800 of a cesium second). 

From dimensional considerations it follows that an arbitrary system of units, S n i, can be 
characterized by Eq.Q and ((21) with a suitable choice of clock and ruler indices n and I. 

According to the "second metrological postulate" we should require that the centimetre, 
second and gram do not depend on time, and obtain 

c oc a l ~ n (3) 
h oc a 2l ~ n (4) 

l + 3i-2re , , 

e oc a 2 (5j 

In other words, 

^ ^(l-n)^ (6) 

x -( 2/ -™)^ ( 7 ) 
X * l 1 ^) if- ( 8 ) 

Thus, if time dependence of a is experimentally measured and units are fixed, there is no 
further choice on how e, c, 7i depend on time and no extra measurements are required. 

In summary, we propose a metrological approach based on the analysis of the relationships 
between the fundamental units (e.g. of the length and time) and the fundamental constants. 



Our methodology allows one to find how each of the fundamental constants e, c, h evolves 
in time and offers a new outlook for this area. We are grateful to G.C.Joshi, W.McBride, 
B.H.J.McKellar and R.R.Volkas for stimulating discussions and to T.Dent and D.F.Mota 
for valuable comments. 
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